Abstract
Introduction
observed that the poor performance in municipal waste management is still a problem that affects Brazilian society as a whole. In most cities, public managers have not yet taken proper measures to treat this issue as one of the most relevant ones. Federal Law 12.305 of 2010 established the National Solid Waste Policy (PNRS), which took almost 20 years in Congress to approve, reflecting the great difficulties and bureaucratic barriers to be overcome. Unfortunately, the effectiveness of this law has not been observed yet. According to the PNRS -National Policy of Waste in Brazil, open dumps should have been closed by 2014, but according to Fernandes (2015) , in a survey carried out in 2014 of the 5,570 Brazilian municipalities , only 844 had sanitary landfills for disposal, waste was sent to dumps in 1,775 cities and 2,951 did not even respond to the survey. Fernandes (2015) also reported that only 36.3% of the cities surveyed in 2014 had established the required basic municipal sanitation plan and about 37% performed some type of selective collection. Godoy (2013) showed that at the end of August 2012, only 10% of cities had developed the required local solid waste plans. A bill approved by the Senate (PLS 425/2014), but still under debate in the Chamber of Deputies, would extend the deadline for cities to eradicate open dumps.
The PNRS established some instruments and guidelines that should be applied by cities regarding integrated solid waste management systems (ISWMS), such as targets for reuse and recycling and percentages of biodegradable organic matter, along with incentives for new treatment techniques, better final disposal and energy generation from the biogas produced from the degradation of waste. The overall aim is to provide universal coverage of waste collection and proper disposal, with financial self-sustainability.
According to Marshall and Farahbakhsh (2013) , developing countries such as Brazil need to invest in the scientific, theoretical and practical growth aspects of solid waste management, allowing the creation of participatory, contextual and adaptive strategies that enable real progress of the country's infrastructure. Unfortunately, in Brazil the basic sanitation sector is still deficient, heterogeneous and presents regional contrasts, mainly concerning solid waste management, and constitutes a huge challenge for municipal managers.
The increase in population density and economic growth lead to an increase in the generation of municipal solid waste. It is the municipal government's responsibility, directly or indirectly, to collect, treat and/or appropriately allocate the municipal solid waste generated by the population. This task demands, besides efficiency in the allocation of resources, procedures of good public management such as environmental awareness and social and political responsibility, attributes that are scarce in most cases. Inefficient waste management has caused serious damage to the environment and society. According to Dantas et al. (2016) , environmental management of urban solid waste needs better articulation between the levels of government: federal, state and municipal.
The aim of this study was to verify if evolution has occurred in integrated solid waste management systems, besides quantifying the effectiveness of these systems through the ICGRm, proposed and validated by Dantas et al. (2016) . The ICGRm starts from the premise that the management of solid waste in a city cannot be evaluated only by the situation of the final disposal. Important aspects such as street sweeping, collection, environmental education and forms of storage by citizens should be considered. The environmental degradation of water bodies has increased as a result of management problems such as poorly collected or irregular discarded waste, badly swept public spaces, etc. In 2007 and 2008, 20 cities in the state of Rio de Janeiro were evaluated through the ICGRm and the results were presented in Dantas et al. (2016) . The present study evaluated 10 of these 20 cities in order to obtain comparative results and quantify both positive and negative evolution according to the ICGRm score.
Materials and Methods
The evaluation in this study used as a tool the ICGRm proposed by Dantas et al. (2016) , which has as a unique characteristic the conception that the management of waste in cities should be evaluated as an integrated system. The situation of the treatment and final disposal units cannot demonstrate, in isolation, the conditions of waste management in cities. From an initial diagnosis, Environmental Condition Indicators (ICA) and Environmental Performance Indicators (IDA) were selected according to ISO 14.031, related to solid waste management, which allowed preparation of the ICGRm worksheet. To analyze the conditions of the integrated management system, an evaluation method was created that includes 40 indicators grouped as subitems related to three groups of indicators: system infrastructure, service planning, and execution. These indicators should reveal, within a range of values, the conditions of the integrated management system of municipal solid waste in the cities. The central idea is that these indicators can demonstrate the areas with the greatest nonconformities in system management (DANTAS et al., 2016) .
In 2007 and 2008, for validation of the proposed method, 20 cities were visited, 14 of them located in the mountainous region of the state of Rio de Janeiro and the other six adjacent to this region. In 2016, 10 of these 20 cities were evaluated again through a data survey that was conducted by means of an interview with municipal managers. The data collection included information on the types of treatment and final disposal of solid waste, considering the alternatives adopted for management,
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Mendez e Mahler : Evolution of integrated solid waste management systems in brazilian cities under the national solid waste policy such as landfills, energy recovery plants, sorting units, recycling, composting units, pruning, weeding and gardening, treatment of waste from health services and treatment of construction waste. During the field visits, information on the solid waste management system in the selected cities was obtained, in a model similar to that of environmental audits. The information given by the municipal managers was not considered absolutely true. To confirm the data, a survey was carried out of official websites of entities of the federal, state and municipal governments, such as the Ministry of Cities, Brazilian Institute of Geography and Statistics (IBGE) and various environmental agencies. In addition, residents, merchants and public officials and outsourced staff were polled to confirm the information obtained.
The information required for assessment was verified in loco. Items such as visual aspects of the site for cleaning, sweeping, weeding, mowing and pruning, proper removal of waste, pre-collection of waste, and other indicators in the index were observed.
After carrying out the data collection, it was possible to analyze the situation of each city in relation to integrated solid waste management. Each city evaluated received an "adequate management" or "inadequate management" designation, according to the range of values of the ICGRm, enabling a critical analysis of the data collected. It is important to emphasize that the research carried out aimed to analyze the evolution in the integrated waste management systems of the cities evaluated from the first analysis in 2007-2008 and the second one in 2016, and in no way detracts from past administrations and especially current ones.
The Integrated Solid Waste Management System
The concept of integrated solid waste management is based on the interrelation of processes and aspects involved and also takes in consideration the most appropriate treatment and disposal alternatives for each type of waste, as applicable to each city. "Landfills still remain as a strategic alternative to the integrated MSW management system. However, the tendency in developed countries is to reduce the volume of waste sent to landfills, as well as to forbid taking biodegradable waste to final disposal in landfills, which should also be a goal of Brazilian cities, through the implementation of alternative treatment techniques such as composting, fermentation, recycling and incineration with energy utilization" (DANTAS et al., 2016) . The ISWMS concept begins with a careful preliminary diagnosis of municipal waste management, revealing the potentialities and weaknesses of the current system and opportunities for improvement. The diagnosis should also lead to estimates of future waste generation and costs for the implementation of new treatment units. The possibility of management associated with other cities (consortiums) needs to be developed as an alternative to gain scale and to find easier solutions of this problem. The formation of these consortiums should aim at the construction and operation of waste treatment and disposal centers, which can receive waste from several cities, as well as having sufficient volume for biogas generation and capture. The question of organic waste must be carefully considered by managers, because putrescible organic matter represents in Brazil 50-60% of the gravimetric composition of the waste generated in cities. In this respect, the assignment of responsibility for certain waste types is a common practice in developed countries, especially for families residing in areas that contain gardens and yards, with enough room for single-family composting.
Environmental Evaluation: Using Indicators
In municipal solid waste management, the indicators make it possible to observe and monitor the situation of a city regarding aspects of the ISWMS. According to Dantas et al. (2016) , in the process of preparing the evaluation worksheets, it is necessary to reduce and group the standardized indicators and determine the importance of each one, referencing them to a section of the PDCA cycle (Plan-Do-Correct-Act) with the objective of facilitating the critical analysis. The purpose of standardization is to express the indicators in comparable values, allocated by management sectors.
According to CETESB (2002) , in Brazil, the state of São Paulo was a pioneer in evaluations in the area of solid waste by implementing a system to survey the status of final waste disposal in 1997. It also implemented an annual Inventory of Urban Solid Waste, which included a landfill evaluation method called the Urban Solid Waste Landfill Quality Index (IQR for short in Portuguese). Research carried out by the Study Group on Solid Waste Treatment (GETRES) of Coppe/UFRJ provided input to improve the methods of assessing waste disposal and integrated management systems.
During the 19 years of applying the IQR assessment method and its necessary updating, substantial improvements in the environmental conditions of the final municipal waste disposal sites of the state of São Paulo have been achieved, as can be seen in Figures 1 and 2.
A New Method to Evaluate the ISWMS: Modified Solid Waste Management Condition Index (IC-

GRm)
According to Dantas et al. (2016) , taking into account that the composition of the integrated solid waste management system includes several tasks, alternatives and treatment and final disposal units, a method was developed that allows evaluating Ciência e Natura v.40, e11, 2018 the entire system, which is reduced in the end to an index capable of expressing the condition of waste management in cities. The method involves a spreadsheet with 40 indicators divided into three items, called the Modified Solid Waste Management Condition Index (ICGRm). The use of a wide variety of indicators in the evaluation of urban cleaning and waste management services is undoubtedly an acceptable methodological option, since it enriches the analysis. The ICGRm was used in the evaluation of 20 cities in the state of Rio de Janeiro and the results were reported by Dantas et al. (2016) . The same methodology was applied in 10 of these 20 cities for this study. The indicators that make up the ICGRm worksheet are presented below:
SYSTEM CHARACTERISTICS: maximum score 32
This item comprises ten subitems or indicators that aim to characterize the integrated waste management system of a city. The system encompasses several types of waste: municipal solid waste, commercial waste, health, construction and special waste. At this stage the aim is to analyze issues related to collection, sweeping, weeding, fleet and equipment.
Coverage of regular households and commercial collection.
A score of 5 is given to cities that provide waste collection to more than 90% of the population; score 3 for between 70 and 90% of the population and score 0 for less than 70%.
Selective collection. This subitem is intended to give greater higher scores to cities that perform selective collection. If the selective collection is already implanted in every urban area of the city, the score is 5; if it is being implanted only in public schools or in specific neighborhoods or places, the score is 3 and if it is not being performed, the score is 0. Collection of construction waste. In this item, cities that collect construction waste receive a score of 3 and those that do not, are assigned a score of 0. Collection of electrical and electronic equipment, batteries, batteries and lamps. This subitem assigns a score of 1 for cities that have delivery points or collectors for disposal of these residues and 0 for those that do not.
Tire collection.
As above, cities that collect old tires receive a score of 1 and those that do not get 0.
Visual aspect of the street sweeping The cities are scored according to the visual aspect of street sweeping as follows: score 4 for good appearance, score 2 for regular and 0 for bad.
Visual aspect of the sites regarding weeding, mowing and pruning The cities are scored according to the visual aspect of weeding, mowing and pruning of the sites as follows: score 4 for good appearance, score 2 for regular and 0 for bad.
Fleet of vehicles and equipment This item assigns a score of 1 to cities where trucks, tractors, handcarts, sweepers, mowers, and other devices are considered adequate, and 0 otherwise.
Existence of trash bins in public places When the number of collection bins is good, score 2, when regular score 1 and when there are no collectors, the score is 0.
SYSTEM PLANNING: maximum score 38
This item comprises 12 subitems that aim to evaluate how the planning of the integrated waste management system of a city is being carried out. The basis of all planning should be the waste management plan.
Record keeping of requests and complaints. This item is fundamental for the introduction of improvements and planning of corrective actions in the system. If the city has this sector, the score is 2, if it does not have this service, the score is 0.
Inspection team.
If the city has auditors to control the services, the score is 3, if it does not have them, the score is 0. Integrated waste management plan.
A score of 5 is assigned to cities that have a management plan and score 0 for those without one. Regular collection planning. The score for cities that carry out collection planning is 4 and for those that do not it is 0. Civil construction waste management planning. For cities that carry out planning, management and inspection, the score 3 and for those who do not it is 0. Healthcare waste management planning. Cities that carry out the planning of these services receive score 3, and those that do not obtain 0. Planning of street sweeping. Larger cities that execute this type of planning and the smaller ones that keep records of the sweeping realized daily receive score 3 and those that do not realize any type of planning or record keeping receive 0.
Weeding, mowing and pruning planning. For cities that perform planning of weeding, mowing and pruning, the score is 2, and 0 for those that do not. Environmental education and awareness programs. Cities with fully deployed and executed programs (directed at the entire population) receive score of 5, with those having only partially deployed and executed programs receiving 3 and those without any such program obtaining 0.
Economic self-sustainability. A score 3 is awarded to cities that have a self-sustaining ISWMS and the 0 for systems that cannot achieve this condition. Scavenger inclusion programs. Cities that carry out programs for social inclusion of scavengers, the score is 3 and for those that do not, 0. Support for participatory management and management through inter-municipal consortiums. If the city is taking action in this direction and is contacting other partner cities to solve regional problems, the score is 2, and 0 otherwise. Ciência e Natura v.40, e11, 2018
OPERATING CONDITIONS: maximum score: 60
This item comprises 18 subitems or indicators that aim to evaluate the operational conditions of the integrated municipal waste management system of a city. The execution of the services must be in accordance with the planning carried out.
Removal of public waste. If this activity is well performed and the overall public garbage removal aspect is adequate, the city receives a score of 3, while if this is performed improperly, the score is 0.
Operation of regular household and commercial collection. If the collection is being properly operated, the score is 5. If the evaluation considers the collection performed partially adequate due to small failures in operationalization, then the score is 3, and if it is being improperly performed the score is 0.
Operation of selective collection.
A system that contains a type of door-to-door or voluntary delivery service (VDS) that works properly receives a score of 5. If some items were accomplished but other items not, the operation is partially adequate and the score is 3. If the city does not perform selective collection or is performing it inadequately, since most of the items are not being attended, the score is 0.
Financial control of the system. Cities that perform financial record keeping have a score of 3 and those that do not perform any type of control have score 0. Performance control. The cities that keep records of the performance of the ISWMS have score of 3 and those that do not have score 0. Critical assessment of nonconformities and introduction of goals and targets. Cities that include critical evaluations have score of 2 and those that do not have score of 0.
Final destination of HSW. If the city performs selective of waste from organized and controlled health services, according to CONAMA (National Environmental Council) Resolution 358 and ANVISA (National Sanitary Surveillance Agency) Resolution 306, the score is 2; otherwise, the score is 0.
Recycling unit operation. For cities that perform or have a waste sorting and recycling unit with efficient separation through equipment (treadmills, presses) in good condition and operating properly, the score is 3. Those that have recycling units that operate improperly or that do not have recycling units receive 0 score.
Reuse of organic waste. If the assessment of composting plants indicates adequate condition, the score is 4. If the conditions are controlled, the score is 2 and if the plant is inoperative or operating under inadequate conditions, the score is 0. Also, if the city has a unit for energy use of organic waste, the score is 4; otherwise the score is 0.
Final destination of municipal solid waste. If the integrated management system has final disposal of municipal solid waste at a sanitary landfill or extracts energy from waste, the score is 5. If disposal is in partially adequate landfill, the score is 3 and if MSW is discarded in a dump or otherwise in any other inadequate manner, the score is 0.
Final destination of construction waste. In general, the correct destination should be reuse or recycling in the form of aggregates (score 4). When the RCC generated in the city is sent to landfills, the score is 2. Other forms of improper disposal have score 0.
Cleaning of drains and gutters.
If the system provides for cleaning services for gutters, drains and public sewers and does them properly, the score is 2; otherwise it is 0.
Removal of dead animals and abandoned vehicles. If the system includes the these tasks, the score 2; if not 0.
Special cleaning.
If the system includes the cleaning of empty lots, beaches, favelas (slums), areas of difficult access and other types of special cleaning, the score is 2; if not 0.
Control of use and maintenance of vehicle fleet If the city adequately controls the use and maintenance of the fleet, the score is 4, or outsources these services to a qualified firm that must meet quality targets, the score is 4. If no records are kept of fleet use and maintenance, the score is 0.
Control of work accidents.
If the system includes work accident record keeping, the score is 3; if not, 0.
Use of personal protective equipment by teams. ISWMS tasks are mostly unhealthy. In order to obtain a score of 4, there must be control of use of PPE throughout the system. If the system does not control the use of PPE, it receives a score of 0.
Control of team absenteeism. If the system includes the absenteeism record keeping, the score is 3; if not, 0.
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The worksheet of Figure 3 , below, was used for ICGRm evaluation in each city. After evaluating the indicators through the service levels (scores), the points are summed by obtaining the subtotals of each item. The total is the sum of subtotal 1 + subtotal 2 + subtotal 3 and this number is divided by 13. Thus, we arrive at the final score, which varies from 0 to 10, to allow evaluating the solid waste management in the city according to two Ranges: 0 to 7.9 → inadequate management; 8.0 to 10.0 → adequate management.
Activities: A Case Study in Rio de Janeiro
According to Dantas et al. (2016) , taking into account that the composition of the integrated solid waste management system includes several tasks, alternatives and treatment and final disposal units, a method was developed that allows evaluating the entire system, which is reduced in the end to an index capable of expressing the condition of waste management in cities. In 2016, the cities of Cachoeiras de Macacu, Bom Jardim, Silva Jardim, Cantagalo, Nova Friburgo, Petrópolis, Teresópolis, São José do Vale do Rio Preto, Sumidouro and Casimiro de Abreu were studied in order to verify the evolution obtained in a period of eight years between the initial study and this one. The activities carried out consisted of visits and research in the cities selected about the treatment and final disposal units for the application of the index worksheet (ICGRm). The interviews with the municipal managers, responsible for waste management, were carried out most of the times with the environmental secretaries or their top aides, who accompanied the survey of the treatment and final disposal units. In addition, the information provided was double-checked when possible by consulting government databases, on-site verification and also from interviews with local residents, merchants and employees involved in waste management activities.
Results
It is important to note that the first survey was conducted in [2007] [2008] , approximately two years before the law establishing the National Solid Waste Policy (PNRS) was enacted. The second phase of the survey occurred in 2016, six years after this enactment, which initially created an expectation of considerable progress in the cities studied. In 2007-2008, all the cities presented inadequate management conditions. Among them, the city of Nova Friburgo obtained the best management score in this study, with 7.69 in the ICGRm, which was very close to the appropriate management condition (> 8.0). The greatest deficiencies were related to construction waste, the non-reuse of organic waste and the lack of inspection staff. The worst score for waste management was for Silva Jardim, which reached ICGRm = 3.00. The city faced political and administrative problems that affected the performance of cleaning activities.
The surveyed cities that in 2007-2008 disposed of wastes in open dumps or allegedly (but not actually) controlled landfills were Cantagalo, Cachoeiras de Macacu, Carmo, São Sebastião do Alto, Silva Jardim, Teresópolis, Quissamã, Santa Maria Magdalena, São José do Vale do Rio Preto, Sumidouro and Trajano de Moraes. Only the cities of Nova Friburgo and Petrópo-lis sent waste to supposedly sanitary landfills. The results of the evaluations showed that the only recycling and composting unit operating under adequate conditions was in Sumidouro, which had different characteristics from the others, since it was a private facility (the municipal government outsourced the urban cleaning services to a company that designed, implemented, licensed and operated the plant, performing MSW treatment). A common issue for all recycling and composting units surveyed was that none of them performed quality control of the organic compound produced. Table 1 Table 2 . The cities that presented worsening in the indices were Teresópolis, São José do Vale do Rio Preto, Nova Friburgo, Sumidouro and Petrópolis. The last obtained the second best score, both in 2007-2008 and in 2016 , and the observed deterioration was not that significant (16%).
Despite the deterioration in the evaluation index, the city of Petrópolis has shown concern for the continuous improvement of the system, through improvements such as GPS vehicle control and geotechnical and environmental monitoring measures of the landfill. The worsening is due to factors such as the regular aspect of the sites for sweeping, bad appearance of weeding and pruning and for failing to carry out performance control due to budget constraints, in addition to not recycling organic matter. Ciência e Natura v.40, e11, 2018
Conclusions
The present study compared the situation of waste management in 10 cities in the state of Rio de Janeiro in 2007-2008 with the current situation. Unfortunately, we found that although six years had passed since the establishment of the National Solid Waste Policy (PNRS), little improvement was observed, and in most cities the situation was actually worse. The only verified effect of this policy was the relative reduction of the irregular disposal of waste in cities, at least indiscriminately. Out of the 10 cities studied in 2016, six of them did not present adequate waste disposal in 2008. They are Cachoeiras de Macacu, Sumidouro, Cantagalo, Teresópolis, Silva Jardim and São José Do Vale do Rio Preto. In the survey conducted in 2016, we verified that only one of them sent waste to an open dump (Teresópolis). Despite previously having disposed of residues in a supposedly controlled manner, due to political, legal and administrative problems the city administration now disposes of wastes without any control. Even in the cities that closed their dumps, it was not uncommon to find occurrences of irregular waste disposal. Another finding is that the regional arrangements and consortiums for the regional disposal of waste in the state of Rio de Janeiro are not working: in some cities where the research was conducted, the waste is disposed in remote landfills, including disposal in another state, increasing the expense for transportation, despite the possibility of forming consortiums with neighboring cities that have landfills, reducing the costs. This general failure of the laudable idea of neighboring cities joining together to rationalize disposal of solid waste and achieve economies of scale is at least partly due to political patronage issues.
We also verified the great difficulty of all the cities surveyed in improving the ways of charging for services, since only the city of Petrópolis, in 2008, was financially self-sufficient in waste management. In 2016, this economic sustainability was no longer present, because of problems in the management of collection between the municipal government and the independent public company responsible for waste management. Another finding was that two of the ten cities studied do not charge any fees related to public cleaning services, being totally dependent on government budget allocations. Also, actions aimed at environmental education focused on the correct separation of solid waste by residents into recyclable, non-recyclable and organic waste and minimization of waste generation are incipient or absent.
Only the city of Sumidouro made composting of biodegradable organic waste in 2008, whose plant was private and not linked to the city. In 2016, this activity was no longer carried out in that city. In addition, there were no adequate and feasible techniques for sorting, recycling and treating waste. While developed countries in 2008 had already greatly reduced the shipment of waste to landfills, 18 of the 20 cities studied still sent waste to dumps or allegedly (but not actually) controlled landfills. In 2016, only the city of Cantagalo performed composting of the biodegradable organic matter, but the separation at the source and operation of the system needs improvements. Most of the analyzed cities outsource part of the activities of the waste management system, thus requiring control and regulation, items still incipient and flawed. Often the contracts are carried out by different government bodies without a standardization of the collection and regulation forms.
